Introduction: Portal hypertension and periportal fibrosis commonly occur in severe Schistosoma mansoni infection. Changes in lipid profile and elevated levels of circulating liver enzymes have also been described in infected individuals. The present study sought to assess the alterations in laboratory parameters associated with liver disorder in individuals infected by S. mansoni who visited a private routine laboratory service. Levels of circulating liver enzymes (gamma-glutamyl transferase [γ-GT] were evaluated in both infected and non-infected individuals and relative risk was used to measure associations. Methods: Data were collected for analysis from a total of 1,078 cases identified in 379,600 individuals who submitted samples to the Datalab Laboratory (Salvador, Bahia) between 2004 and 2008. Results: S. mansoni infection led to increased circulating levels of γ-GT in both women and men, AST (women), and ALP (men). S. mansoni infection was a protective factor against increased levels of TRI, CHO, and VLDL for individuals aged 19 years or older. The results of our analysis indicate that alterations in lipid metabolism and circulating liver enzymes in asymptomatic S. mansoni-infected individuals might be attributed to eggs lodged in the hepatic sinusoids. Conclusions: Parasitological testing for S. mansoni should be indicated in endemic areas when this pattern of alterations is detected.
INTRODUCTION
Schistosomiasis is an infection caused by a digenetic intravascular parasite that inhabits the venous portalmesenteric system in humans, where it can live up to ten years or longer, laying hundreds of eggs per day. Some of these eggs are dislocated and lodge in the hepatic sinusoids. The pathophysiological impact of Schistosoma mansoni infection has been mainly attributed to granuloma formation induced by the host cell-mediated immune response to soluble antigens secreted by parasite eggs trapped in the walls of the hepatic and intestinal vessels of infected hosts 1 .
While the degree of Schistosoma-associated hepatic dysfunction varies and is dependent on parasite load and host background, liver fibrosis is a common finding in advanced schistosomiasis, mostly at the sites of ongoing granulomatous reactions 2, 3 . Nonetheless, a wide range of liver damage has been described in both human and animal infections. These include impaired protein synthesis 4 , reduced lipoprotein concentrations [5] [6] [7] [8] , decreased erythrocyte counts and blood indexes, neutropenia, lymphopenia and eosinophilia 9 , increased circulating liver enzymes levels 10, 11 , and hemostatic abnormalities 12, 13 . Despite the variability in clinical signs, it remains unclear whether infected individuals without clinical complaints or symptoms present a detectable degree of liver dysfunction. Therefore, we investigated the associations between S. mansoni infection and alterations in levels of lipoproteins and circulating liver enzymes in individuals who submitted plasma samples for routine laboratory testing in Salvador, Bahia-Brazil.
METHODS

Study population and design
The present descriptive observational study was performed to evaluate the associations between schistosomiasis and changes in lipoprotein composition or circulating liver enzymes or Kato-Katz assays were included. For each infected sample, 10 helminth-and protozoa-free samples were randomly included as controls, matched by subject age, sex, and availability of biochemical analysis data.
Sample processing
Fresh stool specimens were previously analyzed by Lutz or Kato-Katz assays. The following laboratory parameters were analyzed on a Roche/Hitachi Modular System (Roche Diagnostics, IN, USA): plasma alanine transaminase (ALT; reference range: ≤ 41 U/L for males and ≤ 31 U/L for females), aspartate transaminase (AST; reference range: ≤ 37 U/L for males and ≤ 31 U/L for females), gamma-glutamyl transferase (γ-GT; reference range: ≤ 73 U/L for males and ≤ 41 U/L for females), alkaline phosphatase (ALP; reference range: ≤ 331 U/L for age < 17 years and ≤ 104 U/L for age ≥ 17 years), total cholesterol (CHO; reference range: ≤ 150 mg/dL for age < 19 years and ≤ 200 mg/dL for age ≥ 19 years), triglycerides (TRI; reference range: ≤ 100 mg/dL for age < 19 years and ≤ 150 mg/dL for age ≥ 19 years), and high-density lipoprotein cholesterol (HDL; reference range: ≥ 45 mg/dL for age < 19 years and ≥ 40 mg/dL for age ≥ 19 years). The HDL, COL, and TRI measurements were entered into a formula to estimate the very low-density lipoprotein levels (VLDL; estimated as TRI divided by 5; reference range: ≤ 20 mg/dL for age < 19 years, and ≤ 30 mg/dL for age ≥ 19 years), as well as low-density lipoprotein (LDL; estimated as COL minus HDL and VLDL; reference range: ≤ 100 mg/dL).
Statistical analysis
Data were analyzed using SPSS version 15.0 (SPSS, Inc., Chicago, USA). Chi-square tests (X 2 ) were used to compare the prevalence, frequencies, and categorical data between study groups. For continuous variables, the significance of the differences between groups were tested using Mann-Whitney tests. The associations between S. mansoni infection and circulating hepatic enzyme levels or lipid parameters were tested by calculating the odds ratios (ORs) using the crossproduct ratios of 2×2 tables with 95% confidence intervals (CIs). P-values of 0.05 or less in two-sided testing were used as criteria for statistically significant differences.
Ethical considerations
This investigation was performed according to anonymous data without the possibility of identifying subjects; thus, there was no need for approval by an institutional review board for human research.
RESULTS
A total of 379,600 stool specimens analyzed by Lutz or KatoKatz techniques revealed S. mansoni infection in 1,078 (0.28%) samples. The infection prevalence in the analyzed population was substantially higher in male than in female subjects (71.8% vs. 28.2%, p < 0.001). Compared to the other age groups, the infection rates were highest in the age range of 31 to 40 years The coinfection rates for intestinal parasites were 14.3% for helminths and 40.0% for protozoa (Figure 2) . Ascaris lumbricoides accounted for the highest frequency (4.9%) among intestinal helminths, followed by hookworms (2.0%), Strongyloides stercoralis (1.7%), and Trichostrongylus spp (1.0%). An association between S. mansoni and the presence of two or more helminths was detected in 3.9% of cases, with Trichuris trichiura and S. stercoralis more frequently identified than other multiple parasite infections among all categories. With respect to intestinal coinfection with protozoa, the most prevalent combination was S. mansoni and Endolimax nana (16%), followed by S. mansoni and Entamoeba coli (4.0%). Conversely, the rate of combined S. mansoni and intestinal pathogenic protozoa (Giardia lamblia and Entamoeba histolytica/dispar/moshkovskii complex) was negligible (< 0.7%). No specific diagnostic testing was performed to distinguish the species within the E. histolytica/dispar/ moshkovskii complex.
Our analysis of the geometric means of liver injury biomarkers indicated that infected women had significantly higher levels of ALT (p < 0.01), AST (p < 0.01), and γ-GT (p < 0.01) compared to those in uninfected controls. For men, the levels of AST (p < 0.01), γ-GT (p = 0.01), and ALP (p < 0.01) were significantly higher among infected subjects. No liver enzyme levels in either of the evaluated groups (women and men) fell outside the laboratory testing reference range. Contrary to the observations regarding hepatic enzymes assessed by age group, significantly lower levels of lipids including TRI (p < 0.01), HDL (p < 0.01), CHO (p < 0.01), and VLDL (p < 0.01) were found among infected subjects aged 19 years or older compared to those in uninfected controls. Although uninfected subjects did not present higher values in relation to the values in those with schistosomiasis, the lipid levels fell below the respective reference values, except for HDL. LDL levels did not differ significantly among the infected and uninfected samples in both sexes. The levels of circulating hepatic enzymes and lipid parameters are illustrated in Figure 3 .
The crude values obtained on analysis of the association between the presence of schistosomiasis infection and alterations in the markers of liver injury are presented in Table 1 . This analysis suggests that S. mansoni infection could either increase risk or offer protection with regard to a given evaluated parameter. Accordingly, we verified that S. mansoni infection acts as a risk factor for increased plasma AST levels in women (OR = 4.08; 95% CI 1.83-9.10; p < 0.01), γ-GT in women (OR = 3.03; 95% CI 1.53-6.02; p < 0.01) and men (OR = 1.67; 95% CI 1.09-2.56; p = 0.02), and ALP in men (OR = 2.70; 95% CI 1.38-5.27; p < 0.01). However, S. mansoni infection was a protective factor against increased levels of TRI (OR 0.73; 95% CI 0.61-0.95; p = 0.01), CHO (OR 0.57; 95% CI 0.47-0.70; p < 0.01), and VLDL (OR 0.75; 95% CI 0.60-0.93; p = 0.01) among subjects aged 19 years or older.
DISCUSSION
The present study evaluated the associations between schistosomiasis in individuals who visited a private routine laboratory service and alterations in biochemical parameters, specifically lipoproteins and circulating hepatic enzymes. Sex-associated distributions of S. mansoni infection in this population indicated a higher prevalence among men, a finding concordant with those of previous studies carried out in the Brazilian states of Pernambuco 15 , Alagoas 16 , Sergipe 17 , and Bahia
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. The predominance of mansonic schistosomiasis in men is likely due to cultural and behavioral variables rather than male-specific susceptibility 19 . Distribution analysis of schistosomiasis by age revealed infection across all evaluated groups, with the highest frequency occurring between 31 and 40 years of age. Similar results have been reported by other studies, which also indicated a higher prevalence among young adults who are more likely to be vulnerable to infection as they are the most productive and exposed age group 20 ; i.e., they are more susceptible to infection due to their work and recreational activities.
We observed a decreasing prevalence of S. mansoni infection over the course of the study period. This is likely due to the implementation of the Bahia Azul Project in 1996, which deployed water supply networks and sanitary sewage systems and also implemented cleaning efforts in rivers and on beaches, resulting in significant improvements in sanitary conditions and quality of life for the population of the metropolitan region of Salvador 21 . These positive impacts have been detailed in studies confirming a reduced prevalence of parasitic infections in the region 21, 22 . Moreover, the municipality's expansion of health care services, combined with the use of schistosomicidal drugs beginning in 2001, also contributed to declining rates of infection.
An association between S. mansoni infection and infection by other intestinal parasites was also observed, with E. nana infection being the most frequently occurring coinfection. Among the protozoa species that could result in disease (G. lamblia and the E. histolytica/dispar/moshkovskii complex), no significant association with S. mansoni was detected. Coinfection involving other helminths occurred more frequently with respect to A. lumbricoides, hookworm, and S. stercoralis, which corroborates previous reports in distinct locations around the state of Bahia [23] [24] [25] [26] . Despite differences in transmission mechanisms among these parasite species, their presence is nonetheless indicative of low socioeconomic status, inadequate basic sanitation, and a lack of education regarding proper hygiene.
With respect to schistosomal hepatic disease, due to its essentially mesenchymal nature, the results of liver function testing were relatively normal. Some alterations have been reported in the early stages of infection, including impaired protein synthesis, as evidenced by increased in prothrombin index 27 , as well as changes in circulating liver enzymes 28 . Hepatic manifestations originating from the deposition of eggs inside the small vessels of the liver can lead to an intense inflammatory response and subsequent functional changes 29 .
Liver damage can be assessed by measuring the levels of enzymes associated with bile duct (γ-GT and ALP) or hepatocyte damage (ALT and AST). In our study, schistosomal infection induced increased circulating levels of ALT (women only), AST and γ-GT (both sexes), and ALP (men only). However, the mean values in each group remained below the reference values. It is, therefore, possible that the observed alterations in the levels of hepatic enzymes could characterize hepatic impairment in individuals infected with S. mansoni, even in the absence of clinical symptoms of the disease. To confirm whether schistosomiasis is a risk factor for increased liver enzyme levels, we analyzed the association between S. mansoni infection and alterations in these biomarkers. Associations between parasite exposure and increased circulating levels of AST were observed in women, in addition to γ-GT for both sexes and ALP for men. According to the literature, γ-GT is a prognostic marker of fibrosis in schistosomiasis 30, 31 . Several mechanisms have been proposed to explain the elevation of γ-GT and ALP levels in schistosomiasis, including parasitic load, periportal fibrosis, and hepatobiliary alterations 32, 33 . While transaminases are not considered useful prognostic markers of schistosome infection, alterations have been observed as a result of hepatic damage on a cellular level, which indicates that increases in these enzymes constitute a reliable indicator of hepatic cellular damage 34, 35 . Accordingly, increased circulating levels of liver enzymes were observed in our sample of schistosomal individuals.
Lipid profile analysis indicated lower geometric averages for TRI, HDL, CHO, and VLDL in S. mansoni-infected individuals than in uninfected individuals aged 19 years or older. Risk association analysis indicated that schistosomiasis was a protective factor against increased plasma levels of TRI and CHO in this age group. According to Silva et al. 36 , abnormalities in lipid metabolism are commonly seen in the hepatosplenic form of schistosomiasis, particularly decreased total cholesterol, TRI and HDL levels. Experimental studies have shown that schistosomal infection inhibits atherosclerosis in addition to reducing total cholesterol levels in mice 37, 38 , which may be explained by the fact that S. mansoni is unable to synthesize cholesterol required for growth and egg production 39 . Additionally, schistosomiasis has been shown to lead to decreased LCAT enzyme activity, since HDL is used as a substrate in the plasma cholesterol esterification reaction 40 . Accordingly, our results demonstrate that schistosomiasis reduces lipid plasma levels, thereby acting as a protective factor against increased TRI and CHO in asymptomatic individuals infected with S. mansoni.
The limitations of the study were i) the lack of egg counts to correlate with the lipid profile and liver enzyme results, ii) the classification of S. mansoni infection based on the Lutz and/ or Kato-Katz methods since these methods lack sensitivity in lower-intensity infections, and iii) the lack of investigation of schistosomiasis-associated symptomatology in the analyzed individuals. Nonetheless, the results of our analysis indicate that alterations in lipidic metabolism and circulating liver enzymes in S. mansoni-infected individuals might be attributed to eggs lodged in the hepatic sinusoids. When individuals residing in endemic areas present this pattern of alterations in laboratory parameters, health care professionals should recommend parasitological testing for the early detection of S. mansoni to minimize the exacerbation of hepatic injury. However, other causes of alterations in hepatic enzymes and lipid metabolism should also be considered for differential diagnosis.
